Introduction
The diagnosis of Parkinson's disease (PD) is based on a physician's impression after interviewing and examining a patient. The diagnosis of PD, therefore, relies partly upon a patient's self-report of movement-related disability. Unfortunately, epidemiological studies have shown that between 12 and 78% of PD cases are undiagnosed [1] [2] [3] [4] [5] [6] , which may occur if individuals under-report relevant symptoms.
Self-reported disability does not always correlate with clinician-observed impairment [7] [8] [9] . Although one study found no patient characteristics associated with concordance among self-reported disability, caregiver report and independent observation [10] , another study suggests that earlier stages of PD, shorter duration of PD, and living with a spouse are associated with patients' un-der-reporting symptoms [7] . In addition, cognitive dysfunction may contribute to impaired awareness of symptoms in PD [9] . Unfortunately, no study has examined the role of under-reporting of symptoms in missed or delayed diagnosis of PD.
Researchers have described racial disparities in PD diagnosis [11] [12] [13] . The majority of these studies suggest that African-Americans are less likely to be diagnosed with PD than whites. One community-based door-to-door study found that African-Americans were at a higher risk of missed diagnosis of PD than whites [6] . This suggests that the relatively lower observed prevalence of PD among African-Americans is due to missed diagnosis rather than biological differences.
We hypothesize that if racial differences in PD diagnosis are due to delays in diagnosis among AfricanAmericans, then they will present for care at a later stage than whites. We also hypothesize that this delayed diagnosis is due to under-reporting of disability (alteration in the capacity to function in personal, social or occupational demands) relative to clinician-observed impairment (alteration in health status).
Methods and Materials
The Philadelphia Veteran's Affairs (VA) Medical Center institutional review board approved the study with a waiver of informed consent.
Data Source and Sample
From the electronic health record at the Philadelphia VA Medical Center, we abstracted initial visits potentially related to parkinsonism (ICD-coded idiopathic PD, atypical parkinsonism, secondary parkinsonism and tremor) from January 2001 to September 2010. The VA is a government-funded national system of healthcare facilities that provides comprehensive physical and mental health services to over 5 million veterans of the US military service; approximately 13% are African-American [14] . The patients were seen in the Parkinson's Disease Research, Education and Clinical Center which is 1 of 6 centers throughout the nationwide VA system for the care of veterans with PD and related disorders. Patients are referred to the movement disorder neurologists in the center from general neurologists as well as directly from primary care providers. Charts were reviewed to determine cases of newly diagnosed possible PD using established criteria [15] .
Variables
Self-reported disability and physician-reported impairment were measured using the Unified Parkinson's Disease Rating Scale (UPDRS), a validated 31-item PD scale that assesses: mentation, behavior and mood (part 1); activities of daily living/disability (part 2); motor examination/impairment (part 3). Responses range from 0 (normal) to 4 (severely disabled/impaired). The items of the UPDRS part 2 were developed to assess functional symptoms of PD. Prior work has supported the use of the UDPRS part 2 as a self-report measure, and has shown reliability between patient, caregiver and clinician ratings [16, 17] . All patients completed the activities of daily living/disability (UPDRS 2) scale prior to their visit. A movement-disorders-trained board-certified neurologist completed the motor examination/impairment (UPDRS 3) scale. Additional data abstracted from the medical record included age, sex, race, years of education, duration of symptoms, symptoms of depression (UPDRS 1), assessment of modified Hoehn and Yahr (H+Y) stage and cognitive assessment adjusted for education (using either the Montreal Cognitive Assessment, Mini-Mental Status Examination, MMSE, or St. Louis University Mental Status examination).
Data Analysis
We compared the H+Y stage at which patients presented for care by race using the Wilcoxon rank-sum test. Next, we converted scores on the self-reported disability scale (UPDRS 2) and the clinician-observed motor impairment (UPDRS 3) to z-scores, and then calculated the degree of reporting of symptoms relative to motor impairment as the difference between the z-scores. Underreporters were defined as individuals whose z-score difference (standardized UPDRS 2 -standardized UPDRS 3) was less than zero. To predict what sociodemographic factors explain the stage at PD diagnosis, we created two ordinal logistic regression models: model 1 examined sociodemographic factors without the measure of under-reporting of disability symptoms relative to motor impairment: log[odds(one unit increase in H+Y stage)] = B 0 + B 1 ! race + B 2 ! age + B 3 ! education; model 2 added the measure of under-reporting of disability symptoms relative to motor impairment: log[odds(one unit increase in H+Y stage)] = B 0 + B 1 ! race + B 2 ! age + B 3 ! education + B 4 ! under-report of symptoms). To measure whether under-reporting of disability was an independent predictor of stage at diagnosis, we used the likelihood ratio test to assess the goodness-of-fit of the logistic regression models. Color version available online
Results
Seventy-four newly diagnosed cases of idiopathic PD were identified. Of these patients, 22% (n = 16) were African-American and 78% (n = 58) were white. The majority (97%; n = 72) were male. African-Americans with newly diagnosed PD had, on average, greater motor impairment (UPDRS 3 score 29.5 vs. 24; p = 0.02), later H+Y stage (2.5 vs. 2.0; p = 0.02) and lower self-report of disability relative to motor examination (81.3 vs. 39.7%; p ! 0.01) ( table 1 ). There was no significant difference in the presence of rest tremor, depression or cognitive impairment between African-Americans and whites. Disability (UPDRS 2) and motor impairment (UPDRS 3) scores were linearly correlated; however, the relationship differed by race ( fig. 1 ) . At the same level of motor impairment, African-Americans reported less disability. The odds of reporting any disability after controlling for difference in motor examination was significantly lower among African-Americans than whites (OR 0.35, 95% CI 0.13-0.97, p = 0.04).
After controlling for age and education, African-American race was strongly associated with later stage at diagnosis, with an increased OR of 3.32 (95% CI 1.01-10.93, p = 0.05) of presenting 1 stage later than whites. In this first model, age was significantly associated with later stage of diagnosis (OR 1.06, 95% CI 1.01-1.11, p = 0.03) while education was not (OR 0.85, 95% CI 0.69-1.05, p = 0.13).
The second model included the variable indicating whether individuals under-reported disability relative to motor impairment. In this model, the magnitude of the association between race and stage at diagnosis decreased by 30% and the OR was no longer statistically significant (OR 2.34, 95% CI 0.67-8.19, p = 0.18). Individuals who under-reported symptoms had 2.98 times the odds (95% CI 1.03-8.60, p = 0.04) of presenting for care 1 stage later than those who did not under-report symptoms. Older age, but not years of education, remained associated with later state at diagnosis (OR 1.05, 95% CI 1.00-1.10, p = 0.04 for older age and OR 0.87, 95% CI 0.70-1.08, p = 0.22 for years of education). The likelihood ratio test 2 statistic for the goodness-of-fit of the regression model was 4.24 (p = 0.04). 
Discussion
In this sample of veterans receiving a first diagnosis of PD, African-Americans were diagnosed at a later stage than whites. African-Americans were also more likely to under-report symptoms of parkinsonism-related disability relative to motor examination. This under-reporting of symptoms accounted for a significant portion of the racial difference in stage at diagnosis.
Prior studies have described racial differences in the prevalence and incidence of PD [11] [12] [13] . This study is the first to suggest a mechanism of these observed disparities in diagnosis, that is, racial differences in perceived disability. There are several potential reasons for these differences.
One possibility is related to racial or ethnic differences in attitudes and beliefs about aging [18] . For example, in a previous study, depressed older adults who attributed depressive symptoms to old age were less likely to believe it was important to discuss them with a doctor [19] . The under-reporting of disability related to parkinsonism may be associated with the belief that these symptoms are a normal part of aging. Consequently, any misattribution of symptoms to normal aging would lead to delays in PD diagnosis. Alternatively, cognitive dysfunction in PD may contribute to impaired recognition of symptoms [9] . However, we observed that while cognitive impairment was weakly associated with under-reporting of symptoms, it was not associated with race.
Causes of racial disparities in other disease conditions, such as cardiovascular disease, may also apply to PD. Some studies indicate that minority patients are less likely to trust their physician and are less active participants in their care, which can interfere with effective patientphysician communication [14] . It is possible that AfricanAmericans report less disability because of decreased trust, or are less vocal about expressing concerns. Additionally, limited social support and resources among African-Americans could translate into less assistance with illness recognition and medical decision-making [14] .
Several study limitations should be noted. Findings from patients referred to a specialty center may not generalize to the broader population. They may represent atypical case presentations that require specialty consultation. Alternatively, patients referred to a specialty center may be more aware of parkinsonism and the importance of seeking care. Related, the VA represents a unique population with fewer women and greater co-morbidity than the general population. However, it also represents a setting where access to services are equal across race and ethnicity, and is thus ideal to study the causes of racial disparities [14] . Furthermore, prior evidence does not suggest that referral to specialty centers or neurological care for PD differs by race [20, 21] .
Second, we identified potential cases of parkinsonism by administrative codes, and thus would have missed any cases which were misclassified. If the missed cases were systematically different by race, this would have biased our findings. Lastly, the small sample and extent of missing data may have led to decreases in the ability to detect a significant association between other demographic or clinical factors and race or delays in diagnosis.
Conclusions
This study has several implications in understanding the mechanisms of racial disparities in PD. Delayed diagnosis of PD among African-Americans may help explain racial differences in studies of PD prevalence that rely on self-report screens or administrative records for case ascertainment. Furthermore, these differences may be due to under-reporting of disability, as this explained a substantial proportion of the delayed diagnosis by race. As the root causes of racial disparities in PD are uncovered and explored, subsequent targeted interventions can be developed to help reduce them.
